Rational design, structural and thermodynamic characterization of a hyperstable variant of the villin headpiece helical subdomain.
A hyperstable variant of the small independently folded helical subdomain (HP36) derived from the F-actin binding villin headpiece was designed by targeting surface electrostatic interactions and helical propensity. A double mutant N68A, K70M was significantly more stable than wild type. The Tm of wild type in aqueous buffer is 73.0 degrees C, whereas the double mutant did not display a complete unfolding transition. The double mutant could not be completely unfolded even by 10 M urea. In 3 M urea, the Tm of wild type is 54.8 degrees C while that of the N68AK70M double mutant is 73.9 degrees C. Amide H/2H exchange studies show that the pattern of exchange is very similar for wild type and the double mutant. The structures of a K70M single mutant and the double mutant were determined by X-ray crystallography and are identical to that of the wild type. Analytical ultracentrifugation demonstrates that the proteins are monomeric. The hyperstable mutant described here is expected to be useful for folding studies of HP36 because studies of the wild type domain have sometimes been limited by its marginal stability. The results provide direct evidence that naturally occurring miniature protein domains have not been evolutionarily optimized for global stability. The stabilizing effect of this double mutant could not be predicted by sequence analysis because K70 is conserved in the larger intact headpiece for functional reasons.